The possible human nephrotoxicity of silica has often been suggested by previous anecdotal reports and uncontrolled clinical studies of silicotic patients. Urinary excretions of albumin, a-l-microglobulin (AMG), and P-N-acetyl-glucosaminidase (NAG) were measured in 33 male workers exposed to silica (mean duration of employment 16 years) and 19 male age matched non-exposed subjects with no history of primary or secondary renal diseases.
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Significantly higher urinary excretions of albumin and AMG were found in the workers exposed to silica. Silicotic subjects (n = 7) also had significantly high excretions of albumin, AMG, and NAG. All but one of the silicotic patients had ceased exposure from three to 17 years before the study. Our findings suggest that prolonged exposure to silica is associated with chronic irreversible nephrotoxicity in exposed workers.
Silica has long been suspected of being related to kidney disease. Animal studies suggest that silica is nephrotoxic, causing degenerative changes in the tubular epithelium, interstitial inflammation, and fibrosis and glomerulosclerosis.''3 In a series of 20 patients with chronic silicosis, proteinuria was present in 20%, renal insufficiency in 40%, and concentration defect in 45%. 4 Materials and methods Subjects with high exposure to silica were selected from a total of 45 male currently working drillers and crushers in three granite quarries. Silicotic patients with similar quarry job exposures in the past were also chosen. The exclusion criteria were a history of glomerulonephritis, urinary calculi or other renal diseases, diabetes, hypertension, or regular ingestion of analgesics. Of the 33 eligible subjects after exclusion, 26 were non-silicotic workers and one silicotic worker currently employed in the quarries, and the remaining six were silicotic workers who had ceased exposure from three to 17 years before the study. The duration of exposure ranged from one to 33 years (mean 16 years). Five of the silicotic subjects had radiological small rounded opacities of profusion category 1 and the other two had category 2 opacities.
An age matched non-exposed group of subjects Ng, Ng, Lee, Chia, Ong was selected from among 43 male hospital ancillary workers and community retirees, using the same exclusion criteria. Age matching to within five years was successfully accomplished for 19 subjects. Urine samples were collected from the subjects in the morning from 10.00 am to 12.00 noon, stored frozen, and analysed within one month of collection. Urinary albumin concentration was measured with an immunoprecipitation assay kit (Orion Diagnostica, Finland), AMG concentration was determined using enzyme immunoassay kits (Fujirebio Inc, Japan), and NAG activity was analysed using a colorimetric assay (Boehringer-Mannheim, Germany). Urinary concentrations of these substances were corrected for urinary creatinine.
Variables with skewed distributions were transformed to give approximate normal distributions, and Student's t test and x2 tests were used as appropriate.
Results
The distribution of the urinary values of albumin showed significantly more raised values in silica exposed workers (table 1; figure). In 13 (39%) silica exposed workers, urinary albumin was raised above the 95th percentile of the non-exposed subjects compared with one (5%) in the non-exposed group (p < 0-001 by X2 test). In silica exposed workers, the mean value for AMG concentration was significantly higher compared with non-exposed subjects (p < 0 002) by ttest). No statistically significant differences were found for values of urinary NAG activity between the two groups. Subjects with silicosis were also compared with non-silicotic exposed workers and non-exposed subjects. Higher albumin (p = 0 05) and AMG concentrations (p = 0 002) and NAG activity (p = 0-02) were found in silicotic subjects. Because silicotic workers were an older group, the analysis was also restricted to those aged 40 years and older (table 2) A study of silica nephrotoxicity in exposed silicotic and non-silicotic workers Table 2 Age and urinary values by silicosis state (in subjects aged 40years and older) Exposed Exposed Non-exposed silicotic subjects non-silicotic subjects subjects Parameters and a-1 -microglobulin (AMG). Although measurement of urinary BMG concentration is a widely used test of early tubular damage, it is easily degraded at urinary pH below 5-5 and this degradation starts in the bladder. On the other hand, AMG is stable at urinary pH between 4 and 10 and has been shown to be more advantageous than BMG for the detection of renal tubular dysfunction due to cadmium. "" This is also confirmed in our experience with the use of both LMW proteins in our studies of cadmium workers. '6 17 Our study suggests that some degree of renal disturbance is demonstrable in apparently healthy silica exposed workers with anamnestic screening to exclude all possible nephropathic conditions due to known causes. The raised concentrations of albumin and a-i -microglobulin in the urine indicate that this functional disturbance is related to lesions in the glomeruli and proximal tubules.
Our results also suggest that these functional changes, likely arising from prolonged exposure to silica, are not reversible after removal from exposure. This was supported by the urinary findings in the silicotic subjects who were likely to have had more heavy and prolonged exposure than exposed nonsilicotic subjects, and who (except for one silicotic patient) had all ceased exposure for many years.
We are not certain whether these urinary alterations are of clinical significance in reflecting early and asymptomatic glomerular or tubular disease in silica exposed workers. Further confirmatory studies should be carried out to provide a firm basis for considering silica as a nephrotoxic agent. 
